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ABSTRACT 

PROBLEM TO BE SOLVED: To accelerate processing by calculating an average 
concerning reliability and obtaining soft decision information obtained by 
correcting the reliability from a ratio of soft decision information of a 
reception bit to the average so as to correct the soft decision information 
of each reception bit with a small arithmetic quantity. 

SOLUTION: This device has an average calculation means 2 for calculating an 
average concerning reliability and decoding soft decision information 
calculating means 16 and 17 for obtaining the soft decision information 
obtained by correcting the reliability from a ratio of the soft decision 
information of a reception bit to the average. A first dividing means 7 and 
a first table conversion means 9 constitute the first decoding soft 

decision information calculating means 16 and the second dividing means 8 
and the second table conversion means 10 constitute the second 

decoding soft decision information calculating means 17. Then, the 

means 9 and 10 have translation tables obtained by dividing the soft 
decision information of the reception bit by the average of the reliability 
to execute conversion to the soft decision information obtained by 
correcting reliability to be used for decoding with this table. 
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WPI Acc No: 2003-466719/200344 
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LUT (look-up table) addressing scheme for turbo decoding system 
involves extracting address bits from index value and using address bits 
to address second table 

Patent Assignee: SANTOSA H (SANT-I) ; YUAN W S (YUAN-I) ; ZHANG M (ZHAN-I) 

Inventor: SANTOSA H; YUAN W S; ZHANG M 

Number of Countries: 001 Number of Patents: 001 

Patent Family: 

Patent No Kind Date Applicat No Kind Date Week 

US 20030056167 Al 20030320 US 2001905661 A 20010712 200344 B 

Priority Applications (No Type Date): US 2001905661 A 20010712 
Patent Details: 

Patent No Kind Lan Pg Main IPC Filing Notes 
US 20030056167 Al 19 H03M-013/00 

Abstract (Basic) : US 20030056167 Al 

NOVELTY - The method entails generating a second table having a 
number of entries based on a first table . First and second data 
fields are then generated and an index value is computed. Address bits 
are extracted from the index value. The address bits are used to 



1 

address the second table . 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for the 
following : 

(a) a circuit for decoding input data; and 

(b) a method in a decoder applying the maximum a - posteriori 
probability algorithm for computing a specific function for two 
argument values. 

USE - For turbo decoding system of communication systems. 

ADVANTAGE - Provides improvements to turbo decoding that 
reduces complexity of turbo decoder and reduces decoder 
processing time. Applies to LUTs whether scaled or not. 

DESCRIPTION OF DRAWING (S) - The figure is a block diagram 
illustrating a complete iteration of a decoding operation of a turbo 
decoder . 

pp; 19 DwgNo 3/13 
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Logarithmic functions computing method in digital communication system, 
involves generating data field including table values computed based on 
argument equations and scaling table values 

Patent Assignee: YUAN W S (YUAN-I) 

Inventor: YUAN W S 
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Priority Applications (No Type Date) : US 2001905568 A 20010712 
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Abstract (Basic) : US 20030014711 Al 

NOVELTY - A data field including several table index values 
selected from predetermined range of argument values, is generated. The 
index values are scaled using a scaling factor. Another data field 
including table values computed based on the logarithmic/natural 
logarithmic equations involving the argument values, is generated. The 
computed table values are then scaled by the scaling factor. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are included for the 
following . 

(1) logarithmic functions computing circuit; 

(2) data decoding circuit; and 

(3) data receiver. 

USE - For computing logarithmic/natural logarithmic functions in 
data decoding circuits (claimed) in digital communication system and 
wireless communication system using error correction codes. 

ADVANTAGE - The scaling and decoding operations can be performed 
with greater efficiency. 

DESCRIPTION OF DRAWING (S) - The figure shows a block diagram of the 
turbo decoder . 
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Abstract (Basic) : KR 2002093329 A 

NOVELTY - An apparatus for calculating an LLR (Log Likelihood Ratio) 
using a non-linear look - up table in a CDMA (Code Division 
Multiple Access) -2000 mobile communication system is provided to 
improve an error correction performance by calculating the LLR using 
the non-linear look-up table in a turbo decoder . 

DETAILED DESCRIPTION - A demodulator ( 500 ) demodulates received 
data. A MAP ( Maximum A Posteriori ) decoder (600) corrects the 
signal demodulated in the demodulator ( 500 ) . The MAP decoder (600) 
has a branch matrix calculator for calculating a branch matrix from the 
signal demodulated in the demodulator ( 500 ) , and a backward/forward 
state matrix calculator for calculating a backward/forward state matrix 
from the demodulated signal through the branch matrix calculator. The 
MAP decoder (600) has an LLR calculator for comparing the branch 
matrix calculating value and the backward/forward state matrix 
calculating value with a non-linear look-up table, and calculating an 
LLR. 
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4 Abstract (Basic) : CN 1338824 A 

NOVELTY - A decode method for Turbo code features that in the 
soft input/soft output decode procedure, a decode method based on the 
maximal posterior probability is used, where a cycle redundancy check 
code issued to obtain frame error rate, and according to the frame 
error rate, several search tables correspondent to the channels 
(one for one) are used. Its advantages are high decode performance and 
high robustness. 
DwgNo 0/0 

Title Terms: METHOD; DECODE; DECODE; TURBO; CODE 
Derwent Class: U21 

International Patent Class (Main) : H03M-013/00 
International Patent Class (Additional) : H03M-013/23 
File' Segment : EPI 



11/5/6 (Item 5 from file: 350) 

DIALOG (R) File 350: Derwent WPIX 

(c) 2003 Thomson Derwent. All rts. reserv. 



011861979 **Image available** 

WPI Acc No: 1998-278889/199825 

XRPX Acc No: N98-219797 

Decoded multicolour digital image bit map storage method for DRAM 
used in digital video transmission - involves using colour reference 
tables for lines and pixels reducing size of bit maps by making two 
pixels share same colour 
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Abstract (Basic) : JP 10093992 A 

The method involves using colour reference tables. Each line of the 
reference table has 8 bytes table . Two of these bytes are 
allocated for a control field. 

To reduce the size of the bit map, two pixels share the same 
colour. A bit map is stored in the line corresponding to the horizontal 
line of a pixel. Each line has a group of colour reference tables. 

USE - For broadcast, cable communication, digital network signals, 
in HDTV, interactive TV, multimedia, VOD, video conference systems and 
in digital video recording. In standalone units like set top box, 
digital TV receiver, PC, workstation. ADVANTAGE - Avoids transmission 
loss. 
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Abstract (Basic): EP 439649 A 

The possible transmission error estimate (syndrome, S) produced 
from the hard-decision component of each received data block undergoes 
two subtractions (8,9), of the least reliable symbol address (Sz) from 
a table (13), and of a partial syndrome (Sy) from a switching network 
(15) controlled by a counter (14). 

The syndrome pairs (Sx, Sy) are tabled (11,12) and output as 
address combinations (Ax, Ay) along with that (Az) of the least 
reliable symbol. The monitor (7) controls the switching (10) of the 
first subtracted address (Sz) . 

USE/ADVANTAGE - In e.g. digital radio direction-finding. 
Combinatorial logic computes error patterns simply from syndrome and 
least reliable symbol address. (8pp Dwg.No. 2/4) 
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. . .ABSTRACT A2 

MAP decoder with cascade architecture. Iterative Turbo decoders 
can use two such cascade MAP decoders with feedback in conjunction 
with interleaver and deinterleaver where the MAP decoders generate 
extrinsic information for iterations. 
. . .SPECIFICATION A2 



BACKGROUND OF THE INVENTION 



Field of the invention 

The invention relates to channel encoding and decoding, and more 
particularly to interleaved codes such as turbo codes with iterative 
decoding and related systems. 

Background 

Demand for wireless information services via cell phones, personal 
digital assistants (PDAs), and Internet appliances (IA) plus wireless 
networking among notebook. . . 

..and Black et al, A Unified Approach to the Viterbi Algorithm State 
Metric Update for Shift Register Processes, Proc. ICASSP-92 V-629 (1992). 
Viterbi decoding can be applied to Turbo codes. 

Figure 2b illustrates an iterative MAP ( maximum a posteriori 
probability) decoder consisting of repeated applications of 
computations based on the trellises of the two constituent convolutional 
codes and the interleaver of the encoder of Figure 2a. MAP decoding 
is more complex than but provides better performance than Viterbi 



decoding. USP 6,023,783 (Divsalar) discloses various turbo encoders and 

decoders , and Hagenauer et al, Iterative Decoding of Binary Block and 
Convolutional Codes, 42 IEEE Tr.Info.Th. 429 (1996) describes the soft 
iterative MAP decoding . 

SUMMARY OF THE INVENTION 

The present invention provides a MAP decoder with cascade 
architecture . 

This has advantages including preferred embodiments with faster or 
simpler turbo encoding/ decoding . 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings are heuristic for clarity. 

Figures la-lb show preferred embodiment interleavers . 

Figures 2a-2g illustrate a MAP decoder . 

Figures 3a-3g, 4, and 5a-5c illustrate preferred embodiment MAP 
decoders . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Overview 

Preferred embodiment communication systems incorporate preferred 
embodiment encoding and decoding methods and include Turbo code 
interleavers with output memory partitioned into banks for quasi-parallel 
read/writes plus MAP decoders with reduced complexity cascade 
circuitry. In particular, preferred embodiment interleavers permute data 
by reading in chunks of data and writing in parallel into banks up. . . 

.the number of banks (and corresponding write circuits), the larger the 
chunk size and the greater the average number of parallel writes. 

Preferred embodiment cascade MAP decoders allow for reduction in 
the number of circuits as compared to parallel MAP decoders by 
partitioning the states into subsets and performing the computation of a 
trellis stage one subset at a time. The cascade MAP decoder may use 
fewer circuits than the parallel MAP decoder because the cascade MAP 

decoder can use the same circuit for the computations of multiple 
states . 

Preferred embodiment wireless communications systems components, base 
stations and mobile users, could each include... 

.circuits (ASICs), (programmable) digital signal processors (DSP's), 
and/or other programmable devices with stored programs for control of the 
preferred embodiment interleavres and cascade MAP decoders . The base 
stations and mobile users may also contain analog integrated circuits for 
amplification of inputs to or outputs from antennas and conversion 
between^analog. . . to the beginning of the data block. 

\{2y Compute the index permutations, (pi)(n), (pi)(n+l), 
(pif^n+N-l), such as by reading N consecutive entries from a 
permutation lookup table or special circuit; 

(3) Send (pi) (n),x(n) to the write circuit of the output memory bank 
for addresses than include the index (pi .. .parallel, the N permuted or 
inverse-permuted index decisions made, and M data allocated for writing 
to the left data banks; see Figure lb. 

Iterative MAP decoders 

Figures 2a-2g illustrate the 3GPP turbo encoder and an iterative 
decoder which includes two MAP blocks, an interleaver, a 
de-interleaver, and feedback for iterations. The preferred embodiments 
include cascade architectures for the MAP blocks; and may also include 
preferred. . . 

.pairs of states s',s connected by a transition with uk) ) = -1. The sign 
of L (uk) ) (vertical bar)y) then provides the hard decision ( decoder 
estimate) for uk) ) . 

The MAP blocks apply the BCJR algorithm to evaluate the joint 
probabilities to generate the soft values for uk) ) . In particular, the 
joint probabilities may be factored. . .requires 2(2n) -1) max* blocks (the 
max* of 2n) inputs may be computed by a pyramid of (2n) -1) 2-input max* 



blocks) . 

Typically MAP decoders partition a sequence of received symbols 
into sliding windows for simpler processing. In the MAP decoder of 
Figure 2c first the beta state metrics for the trellis stages of the 
first sliding window are generated and stored in the beta state... 
Modifications 

The preferred embodiments may be varied while retaining one or more of 
the features of a quasi-parallel interleaver and a cascade architecture 
for MAP decoding . 

For example, a MAP decoder for a trellis of size 2n+m) can be 
factored into subsets of size 2n) and use alpha and beta blocks having a 
cascade architecture... 

. . . CLAIMS A2 

1. A MAP decoder , comprising: 
inputs for receiving symbols; 

a forward recursion block coupled to said inputs, said forward recursion 

block with cascade architecture; 
a backward recursion block coupled. . . 

...The decoder of claim 1 or 2, further comprising: 

an input for extrinsic information coupled to said forward recursion and 
backward recursion blocks. 
4. A MAP decoder , comprising: 
inputs for receiving symbols from an encoder with 2n+m) states where n 

and m are positive integers; 
a forward recursion block coupled to... 

...of said ACS units includes 1 2-input max* block; and 

said output block includes 2(m+l)2n) 2-input max* blocks. 

6. A turbo decoder , comprising, 

a first MAP decoder with inputs for receiving symbols and extrinsic 
information; 

a first interleaver coupled to an output of said first MAP decoder ; 

a second interleaver coupled to said inputs for receiving symbols; 

a second MAP decoder with inputs coupled to outputs of said first 

and said second interleavers and to said inputs for receiving 

symbols; 

a deinterleaver coupled to an output of said second MAP decoder ; and 

a decision unit coupled to said inputs for receiving symbols and outputs 
of said first MAP decoder and of said deinterleaver; wherein said 
first and said second MAP decoders each includes 

(i) a forward recursion block, said forward recursion block with cascade 
architecture ; 

(ii) a backward recursion block, said backward recursion block with 
cascade . . . 

...backward recursion block. 

7. The decoder of claim 6, wherein: 

the output of said deinterleaver couples to said input for extrinsic 
information of said first MAP decoder to provide feedback for 
iterative operation. 
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. . .SPECIFICATION strobe; 

Figure 53 shows an MPI read timing; 
Figure 54 shows an MPI write timing; 

Figure 55 shows organization of large integers in the memory map ; 
Figure 56 shows a typical decoder clock regime; 
Figure 57 shows input clock requirements; 
Figure 58 shows the Spatial Decoders- 
Figure 59 shows the inputs and outputs of the input circuit... 

buffering means immediately following the system, whereby time spread for 

video pictures of varying data size can be controlled. 

The system may include a spatial decoder having a two-wire interface 

intercon-necting processing stages, the interface enabling serial 

processing for data and parallel processing for control. 

As previously indicated, the... 33 blocks (see Figure 14c) group of 

blocks which is one macroblock high. By doing that, exactly the same 

counting mechanisms used on the Temporal Decoder for counting through 

the groups of blocks are also used for MPEG. 

There is a correspondence In the way that the circuitry is designed 

between. . .pictures for visual display in volves the possibility . that a 

desired scrambled picture can be achieved by varying the re-ordering 

feature of the Temporal Decoder . 

4. RAM MEMORY MAP 

The Spatial Decoder , Temporal Decoder and Video Formatter all use 
external DRAM. Preferably, the same DRAM is used for all three devices. 
While all three devices use DRAM, and all... value register 221. 

Since the contents of the detect shift register has been identif ied-as 
a start code, its contents must be removed from the two wire interface 
to ensure that no further processing takes place using these 3 bytes. The 
decode register is emptied, and the value decode shift register... 1 
Spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially asynchronous) 
clock inputs: 

A. 7. 2 Temporal Decoder clock signals 

The Temporal Decoder has only one clock input 



A. 7. 3 Electrical specifications 



A. ...Decoder are reserved for internal test use. 

A. 9. 1.4 JTAG pins for normal operation 
See section A. 8.1. 

A. 9.2 Spatial Decoder memory map 

Video demux extended address space Addr. (hex) Bit num. Register Name 
Page references 0x00 

0x0F7:0not used 0x107 : Ohoriz (underscore) pels 
r (underscore) horiz (underscore . . . 
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...SPECIFICATION the gate. Apparatus for processing a tightly packed and 
decorrelated digital signal has a barrel shifter and accumulator for 
unpacking, a Huffman and run length decoder , and an inverse DCPM 



Figure 58 shows the Spatial Decoder; 

Figure 59 shows the inputs and outputs of the input circuit... a memory 
in a raster order. The video formatter described hereinafter provides a 
wide range of output signal combinations. 

In the preferred multi-standard video decoder embodiment of the 
present invention, the Spatial Decoder and the Temporal Decoder are 
required to implement both an MPEG encoded signal and an H.261... 

...for the DRAM interface, the inverse modeller 75, the inverse zig-zag 81 
and the inverse DCT 83. The standard independent units within the Huffman 
decoder and parser include the ALU 66 and the token formatter 71. 
Referring now to Figure 12, the standard-independent units include the 
DRAM interface 100 ... encoded pictures for visual display involves the 
possibility that a desired scrambled picture can be achieved by varying 
the re-ordering feature of the Temporal Decoder . 

4 . RAM MEMORY MAP 

The Spatial Decoder , Temporal Decoder and Video Formatter all use 
external DRAM. Preferably, the same DRAM is used for all three devices. 
While all three devices use DRAM, and all ... Huffman Decoder for all three 
standards . 

The Index to Data unit 324 performs the second part of the multi-part 
algorithm. This unit contains a look up table that provides the 
actual Huffman decoded data. Entries in the table are organized based on 
the index numbers generated by the Huffman Decoder. 

The ALU 325 implements the remaining parts of the multi-part algorithm. 
In particular, the ALU handles sign-extension. . .ability to take the DRAM 
interface to high impedance is provided to allow other devices to test or 
use the DRAM controlled by the Spatial Decoder (or the Temporal 
Decoder) when the Spatial Decoder (orthe Temporal Decoder ) is not in 
use. It is not intended to allow other devices to share the memory during 
normal operation. 

A. 5. 12 Refresh 

Unless disabled. . . 

...an interval determined by the register, refresh (underscore) interval . 

The value in refresh (underscore) interval specifies the interval between 
refresh cycles in periods of 16 decoder (underscore ) clock cycles. Values 
in the range 1.255 can be configured. The value 0 is automatically loaded 
after reset and forces the DRAM interface ... Decoder are reserved for 
internal test use. 

A. 9. 1.4 JTAG pins for normal operation 
See section A. 8 . 1 . 

A. 9. 2 Spatial Decoder memory map 

SECTION A. 10 Coded data input 

The system in accordance with the present invention, must know what 
video standard is being input for processing. Thereaf ter . . . data (see 
Table A. 15. 2 and Table A.l'5.3). These default tables must be written into 
the quantization table memory of the Spatial Decoder before MPEG 
decoding is possible . 

MPEG also allows two "down loaded" quantization tables. One is for use 
with intra data and the other with non-intra data. The... 
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..SPECIFICATION memory map showing a first arrangement of macroblocks; 

Figure 14b is a memory map showing a second arrangement of 
macroblocks ; 

Figure 14c is a memory map showing a further arrangement of 
macroblocks ; 

Figure 15 shows a Venn diagram of possible table selection values; 
Figure 16 shows the variable length of picture... 



. strobe; 

Figure 53 shows an MPI read timing; 
Figure 54 shows an MPI write timing; 

Figure 55 shows organization of large integers in the memory map ; 
Figure 56 shows a typical decoder clock regime; 
Figure 57 shows input clock requirements; 
Figure 58 shows the Spatial Decoder; 

Figure 59 shows the inputs and outputs of the input circuit ... Figure 
78 shows an overview of JPEG inverse quantization; 

Figure 7 9 shows an overview of MPEG inverse quantization; 
Figure 80 shows a quantization table memory map ; 

Figure 81 shows an overview of JPEG baseline sequential structure; 
Figure 82 shows a tokenised JPEG picture; 
Figure 83 shows a temporal decoder; 

Figure 84 ... Therefore, from Cycle 4 to Cycle 5, the data Dl is passed 
from Stage F to the following device, the data D2 is shifted from 
secondary to primary storage in Stage F, but the data D3 in Stage E is 
not transferred to Stage F. The data D4 and D5 can... The Spatial Decoder 
of the present invention performs all the required processing within a 
single picture. This reduces the redundancy within one picture. 

The Temporal Decoder reduces the redundancy between the subject 



7. Multi-Standard Coding 

8. Multi-Standard Processing Circuit-2nd Mode of Operation 

9. Start Code Detector 

10... encoded pictures for visual display involves the possibility that 
a desired scrambled picture can be achieved by varying the re-ordering 
feature of the Temporal Decoder . 

4. RAM MEMORY MAP 

The Spatial Decoder , Temporal Decoder and Video Formatter all use 
external DRAM. Preferably, the same DRAM is used for all three devices. 
While all three devices use DRAM, and all... In the present invention, 
time is saved by detecting these in the Huffman Decoder 321, rather than 
in the Index to Data unit 324 . 

This index number is then passed to the Index to Data unit 324. In 
essence, the Index to Data unit is a look - up table . In accordance 
with one aspect of the algorithm, the look - up table is little more 
than the Huffman code table specified by JPEG. Generally, it is in the 
condensed data format that JPEG specifies for transferring an... Decoder 
are reserved for internal test use. 

A. 9. 1.4 JTAG pins for normal operation 
See section A. 8.1. 

A. 9.2 Spatial Decoder memory map 

Video demux extended address space Addr. (hex) Bit num. Register Name 
Page references 0x007 : Onot used OxOF 0x107 : Ohoriz (underscore ) pels 
r (underscore) horiz (underscore . . . 
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..SPECIFICATION strobe; 

Figure 53 shows an MPI read timing; 
Figure 54 shows an MPI write timing; 

Figure 55 shows organization of large integers in the memory map ; 
Figure 56 shows a typical decoder clock regime; 
Figure 57 shows input clock requirements; 
Figure 58 shows the Spatial Decoder; 

Figure 59 shows the inputs and outputs of the input circuit. . .token 
may take the form of an interactive metamorphic interfacing token. 

The present invention also provides a system for decoding video data, 
having a Huffman decoder , an index to data (ITOD) stage, an arithmetic 
logic unit (ALU) , and a data buffering means immediately following the 
system, whereby time spread for video ... Huffman coded data words as H.26 
or MPEG Huffman coded, means operably connected to the Huffman coded dat 
words receiving means for generating an index number associated with 
each JPEG Huffman coded data word received from the Huffman coded data 
words receiving means, and means for operating a lookup table 
containing a Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, including an input 
for receiving an... has been chosen here as the width in the present 
invention it will be appreciated that bits of other lengths may also be 
used. The index -to-tokens converter 234 converts the information to 
token images using a second look - up table (not shown) similar to 
that given in Table 12-3 of the Users Manual. The token images generated 
by the index-to-tokens converter 234... 

..negation of an insert image is passed as a second input to the second 
AND gate 281 over a line 283. The output from the second AND gate 281 
is passed over a line 284 to an input accept latch 285. The output from 
the input accept latch 285 is passed. .. encoded pictures for visual 
display involves the possibility that a desired scrambled picture can be 
achieved by varying the re-ordering feature of the Temporal Decoder . 
4. RAM MEMORY MAP 

The Spatial Decoder , Temporal Decoder and Video Formatter all use 
external DRAM. Preferably, the same DRAM is used for all three devices. 
While all three devices use DRAM, and all ... hypothetical DRAM interface 
which has one write swing buffer and one read swing buffer. Essentially, 
this is the same as the operation of the Spatial Decoder 1 s DRAM 
interface. The operation is illustrated in Figure 23. 

Figure 23 illustrates that the control interfaces between the address 
generator 301, the DRAM interface. . . 

. .the result of receiving control tokens, or it may merely generate a 
fixed sequence of addresses (e.g., for the FIFO buffers of the Spatial 
Decoder ) . The DRAM interface treats the two wire interfaces associated 
with the address generator 301 in a special way. Instead of keeping the 



SECTION A. 10 Coded data input 

The system in accordance with the present invention, must know what 
video standard is being input for processing. Thereaf ter . . . up conditions 
and are entirely contained within the buffers managed by the Spatial 
Decoder. Stream D is still arriving at the input of the Spatial Decoder 

Enables for streams B and C are in the queue. So, when stream A is 
completed B will be able to start immediately. Similarly C. . . 
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. . .SPECIFICATION A2 
INTRODUCTION 

The present invention is directed to improvements in methods and 
apparatus for decompression which operates to decompress and/or decode 
a plurality of differently encoded input signals. The illustrative 
embodiment chosen for description hereinafter relates to the decoding of 
a plurality of encoded picture standards ... strobe; 

Figure 53 shows an MPI read timing; 

Figure 54 shows an MPI write timing; 

Figure 55 shows organization of large integers in the memory map ; 
Figure 56 shows a typical decoder clock regime; 
Figure 57 shows input clock requirements; 
Figure 58 shows the Spatial Decoder; 



Figure 59 shows the inputs and outputs of the input circuit... as an 
input to an inverse discrete cosine transform (IDCT) 83. The output from 
the IDCT 83 is passed over line 84 to a temporal decoder (not shown) . 

Referring now more particularly to Figure 12, a temporal decoder in 
accordance with the present invention is shown. A fork 91 receives as... 
is fifteen bits wide, allowing for parallel transmission of fifteen bits 
at a time. The value decoder 228 decodes the value image using a first 
look - up table (not shown) . A second output from the value decode 
shift register 230 is passed to the value decoder 228 which passes a flag 
to an index -to-tokens converter 234 over a line 235. The value decoder 
228 also passes information to the index -to-tokens converter 234 over a 
line 236. The information is either the data value image or start code 
index image obtained from the first look - up table . The flag 
indicates which form of information is passed. The line 236 is fifteen 
bits wide, allowing for parallel transmission of fifteen bits at a... 
encoded pictures for visual display involves the possibility that a 
desired scrambled picture can be achieved by varying the re-ordering 
feature of the Temporal Decoder . 
4 . RAM MEMORY MAP 

The Spatial Decoder , Temporal Decoder and Video Formatter all use 
external DRAM. Preferably, the same DRAM is used for all three devices. 
While all three devices use DRAM, and all... be written into RAMI 311 
until either there is no more data, or RAMI is full. When RAMI 311 is 
full, the input side gives up control and sends a signal to the read 
side to indicate that RAMI is now ready to be read. This signal passes 
between two asynchronous clock regimes and, therefore, passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to arrive on the... 
12. PREDICTION FILTERS 

Referring again to Figures 12, 17, 18, and more particularly to Figure 
12, there is shown a block diagram of the Temporal Decoder . This 
includes the prediction filter. The relationship between the prediction 
filter and the rest of the elements of the temporal decoder is shown in 
greater ... other various physical characteristics are shown with reference 
to Table 6.6. 

17. KEYHOLE ADDRESS LOCATIONS 

In the present invention, certain less frequently accessed memory map 
locations have been placed behind keyhole registers. A keyhole register 
has two registers associated with it. The first register is a keyhole 
address register and... For example, a 12 bit signed register will be sign 
extended to fill a 16 bit memory map location (two bytes) A 16 bit memory 
map location holding a 12 bit unsigned integer will return a 0 from its 
most significant bits. 
A. 6. 4. 3 Keyholed address locations 

In the. . . 

...SPECIFICATION the relationship between the flag generator, decode index, 
header generator, extra word generator and output latches; 

Figure 23 is a block diagram of the Spatial Decoder DRAM interface; 

Figure 24 is a block diagram of a write swing buffer; 

Figure 25 is a pictorial diagram illustrating prediction data offset 
from the . . . 



. . strobe; 

Figure 53 shows an MPI read timing; 
Figure 54 shows an MPI write timing; 

Figure 55 shows organization of large integers in the memory map ; 
Figure 56 shows a typical decoder clock regime; 
Figure 57 shows input clock requirements; 
Figure 58 shows the Spatial Decoder; 

Figure 59 shows the inputs and outputs of the input circuit ... described 
hereinafter with reference to the DRAM interface. Typically, a single 4 
megabyte DRAM is required by each of the Temporal Decoder and the Spatial 
Decoder circuits. 

The Spatial Decoder of the present invention performs all the 
required processing within a single picture. This reduces the redundancy 
within one picture. 

The Temporal Decoder reduces the ... encoded pictures for visual display 



involves the possibility that a desired scrambled picture can be achieved 
by varying the re-ordering feature of the Temporal Decoder . 



4 . RAM MEMORY MAP 

The Spatial Decoder , Temporal Decoder and Video Formatter all use 
external DRAM. Preferably, the same DRAM is used for all three devices. 
While all three devices use DRAM, and all... Table 600, it can be seen 
that a machine sequence (underscore) start signal is generated by the Start 
Code Detector, as previously described, when it decodes any one of the 
standard signals indicated in Table 600. The Start Code Detector creates 
sequence (underscore) start, group (underscore) start, 

sequence (underscore) end, slice ... Decoder are reserved for internal test 
use . 

A. 9.1.4 JTAG pins for normal operation 
See section A. 8.1. 

A. 9.2 Spatial Decoder memory map 

SECTION A. 10 Coded data input 

The system in accordance with the present invention, must know what 
video standard is being input for processing. Thereaf ter . . . up conditions 
and are entirely contained within the buffers managed by the Spatial 
Decoder. Stream D is still arriving at the input of the Spatial Decoder 

Enables for streams B and C are in the queue. So, when stream A is ... 
are raster ordered within a picture. In a non-interleaved scan, the MCU 
is a single 8x8 block. Again, these are raster organized. 

The Spatial Decoder can readily decode JPEG data containing 1 to 4 
different color components. Files describing greater numbers of 
components can also be decoded. However, some reconfiguration between 
scans may. . . 
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. SPECIFICATION If space pattern isn't one of these four values return; 
the test failed. Otherwise go to 4.3.16. 

4.3.15 Use the two look up tables 

space index (0..15) =0,3,2,0,1,0,0,0,4,0,0,0,0,0,0,0 

bar index (0. . 31) = 

0,0,0... not successful or the decoded character is not an ambiguous 
character then go to step 9.3.15. Otherwise, use step 9.3.25 to decode 
segment parity map with reverse set false. If segment type is ok, then 
set segment found true and check if segment type is UPC-A right half or 
...to get another character. If not successful or the decoded character 
is not an ambiguous character then return. Otherwise, use step 9.3.25 to 
decode segment parity map (with reverse flag false) . If segment type 
not ok return, otherwise set found segment true and check if segment type 
is UPC-A right half... 

.and do step 9.3.10 to check margin. Set fwd decode true. If margin not 
OK return, otherwise use step 9.3.26 to decode segment parity map 
(with reverse flag true) . If segment type not ok return, otherwise set 
found segment true and check if segment is not type UPC-A right... 
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. . . by the dominant contributions to the sums of probabilities in the 
likelihood ratio (A.J. Viterbi, "An intuitive justification and 
a simplified implementation of the MAP decoder for conventional 
codes", 



IEEE Journal on selected areas in communications, 16(2), February 1998). 
Even though this approximation significantly reduces the computational 
1 0 complexity ... is identified, thereby providing a 

computationally very efficient method which eliminates the need of online 
distance calculations. 

Preferably, the stored information is stored in a look - up table 
comprising a plurality of pre-computed distance functions indexed by 
the number of signal 

symbols and the bit positions of the number of bit sequences, thereby 
providing fast access to the information. 

In one... noise. In fig. 2, the cross 201 represents an example of a 
received signal r. 

Prior to providing the received 16QAM radio symbols to a decoder , e.g. 
a 

turbo decoder , they are converted into soft values. Hence, a soft 
value is calculated 

Claim 

according to any one of the claims 1 through 6, characterised in I 0 
that the stored pre-computed distance function is stored in a look - up 

table (508; 808) comprising a plurality of pre-computed distance 
functions indexed by the number of signal symbols and the bit positions 
of the number of bit sequences. 

8 A method according to any one of the... 
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lookup is used, although different indexes must be generated and 
passed into the lookup. 

I Dimensional Structures 
Direct Lookup 

A direct lookup is a simple indexing into a I dimensional lookup 

table . Clients can choose between 3 access modes by setting appropriate 

bits in the Flags register. 

Read only 

Write only 

Read-Modi fy-Write 

Read Onl 

A. . . GetControlData (source, destBlocks, lastBlock) ) 
return error 

destBytes = ( (destBlocks-1) * destBlockLength) + lastBlock 

of fsetToNextDuplicate = destBlocks * SOUTCeBlockLength 

// Skip the control blocks and position at data 

source += numControlBlocks * sourceBlockLength 

// Decode each of the data blocks, trying 

H duplicates as necessary 

blocksInError = 0; 

for (i=0; KdestBlocks; i++) 

found = DecodeBlock (source, dest) ; 

if ( ! found) 

f...to return the values at the specified coordinates in readiness for 
bilinear interpolation. The basic process is as indicated in Fig. 

97 and the following lookup table is used. 

Lookup Size Details 
LU, Image Bilinear Image lookup [X, Y] 

width by Table indexed by the integer part of X and Y. 

Image 4 entries returned from Bilinear index ...N.L 
Calculating the dot product of vectors N and L is defined as. 

XNXL + YNYL +. ZNZL 
No bump-map 

When there is no bump- map N is a constant [0, 0, 1] . N.L therefore 
reduces to ZL. 

With bump -map 

When there is a . . .the specular contribution where the following 
constants are set by software. 

Constant Value 
K, ks 
K2 ksc 

K3 (I -ksc)lp 

I 0 The following lookup table is used. 

Lookup Size Details 
LU, 32 entries Xll 

16 bits per Table indexed by 5 highest bits of integer R*V 

entry Result by linear interpolation of 2 entries using fraction of ROV. 

Interpolation by 2 Multiplies. 

The. . . 
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method for reading data stored at a corresponding address by 
generating an address at every symbol clock using an index generating 
rule rather than a look - up table method for storing the interleaver 
index . 

In conclusion, when various interleaver sizes are required and the 
hardware complexity is restricted in an E 

4T-2000 or UMTS system, the turbo interleaver should be designed to... for 
a given input frame size, performance of the turbo encoder is determined 
depending on a constraint length K and the proper-ties of the turbo 
interleaver. In designing a decoder , the constraint length K is set to 
3) or 4 in consideration of the resulting complexity and the desired 
performance improvement. For example, in CDMA... 
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Detailed Description 

The nUcrocode for the Adder/Logic process block is described in the 
following table. The interpretations of some bit patterns are 
deliberately chosen to aid decoding . Microcode bit interpretation for 
Adder/Logie unit 
Bits Description 

0000 = A+B (carry in = 0) 

0001 = A-fB (carry in = carry out of previous operation... 
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English Abstract 

...a ten bit run length limited code for serialization and transmission 
over the serial data link. A second decoding lookup table is employed at 
the decoder to map the received ten bit run length limited code into 



the original 8 bit value. 



Claim 

the event said DC 
balance controller output signal is in said first state. 

2 The encoding apparatus of claim 1 wherein said map 
comprises a lookup table containing said plurality of run 
-20 

length limited codes as entries within said table and said 
lookup table is indexed by said plurality of input values. 

3 The encoding apparatus of claim 1 wherein said 
conditional inverter is operative to pass the respective run 
length limiited code through. .. The method of claim 15 wherein said 
mapping step 

comprises the step of mapping said input values into 
corresponding run length limited codes in a lookup table 
indexed by said input values. 

17 The method of claim 16 wherein said lookup table 

comprises a plurality of lookup tables and said indexing step 
comprises the step of indexing into one of said plurality of 

lookup tables to access the respective Run length limited 
-24 code. 

18 The method of claim 16 further comprising the step of 
determining whether the Run length. . . 

... a zero . 

21 A decoder for converting a plurality of balanced and 
imbalanced run length limited codes into a corresponding 
plurality of data values, said decoder comprising: 

a map for mapping said plurality of run length limited 
codes into said plurality of data values, wherein said map is 
operative to provide as an output. . .produce as an output a 
single data value in response to the input of each imbalanced 
Run length limited code and its complement. 

22 The decoder of claim 21 wherein said map comprises a 
lookup table. 

23 The decoder of claim 22 wherein said lookup table is 
operative to provide as an output an 8 bit data. . . 
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Detailed Description 

using, e.g., an N-tap filter, with N typically being larger than 3. 
The result may be quantized to the original's limited color map , if 
any. Decoder 810 may apply dithering methods to the restored background 
in order to improve the background's appearance on display 808. The 
feasibility of this option ... resolution 

representation 202 as a first index, and the limited number of possible 
Y-values for the Ycomponent in high-resolution representation 204 as a 
second index to access a predetermined color- look - up table 1102 
for direct conversion into combined image 1002 in RGB-format. 

This avoids the time-consuming floating-point calculations mentioned 
above, but is feasible only. . . 
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Detailed Description 

correlation sums determined by correlators 
17 at the sampling point are reorganized as a serial sequence 
of sums by parallel-to-serial converter 19. For soft - decision 
maximum likelihood (ML or Viterbi) decoding of convolutional 
error codes, approximately three bits of quantization 
information is preserved for each correlation sum. For hard 
23 

decision decoding of ECC codes, only... 

...information, beyond 

the sign bit, for each of the correlation sums provides 
reliability information that can be used to improve the 
performance of the Viterbi soft - decision decoder . The bits 
determine an approximate measure of the distance between the 
correlation sum and the zero value. The zero value is 
typically the decision-switching. .. is 

shown to reduce the effects of gain instability present at the 
receiver. Uncompensated amplitude variations in the received 
is signal degrade the effectiveness of soft - decision 
convolutional decoding by the Viterbi algorithm, which is 



otherwise optimum in a maximum-likelihood sense. According to 

the method, the effects of gain instability are mitigated by. . .maximum 

correlation sum 

magnitude. The function is evaluated for all indices. The 

index corresponding to an indicator value of one is used 

together with a table look - up to determine the encoded value 

for the selection bits (e. g. two -bit values 00 for index 1, 

bit values 01 for index 2, bit values 10 for index 3, and bit 

values 11 for index 4). A disadvantage of this function ... together with 

the polarity estimates for 
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...SPECIFICATION interleaver 37, uses the received value D29 and a priori 
probability information D30 to make soft-output decoding of an inner code 
by making the MAP decoding based on the Log-BCJR algorithm. The 
soft-output decoding circuit 34 generates extrinsic information D31 for 
information bits determined under code-binding conditions, and... 

...soft-output decoding circuit 36. 

The soft-output decoding circuit 36 is provided correspondingly to the 
convolutional encoder 31 in the encoder 1" to make MAP decoding based 
on the Log-BCJR algorithm. The soft-output decoding circuit 36 is 
supplied with the a priori probability information D32 for code bits of 



.a priori probability information D33 for information bits whose value is 
"0", and uses these a priori probability information D32 and D33 to make 
the MAP decoding based ...70 and extrinsic information supplied as a 
priori probability information from outside or interleaved data EXT 
(extrinsic information or interleaved data TEXT) to make an MAP 
decoding based on the Log-BCJR algorithm. 

At this time, the soft-output decoding circuit 90 makes a decoding 
operation with a received value type information. . .M when the value of 
the data CA exceeds the predetermined value M. The selector 255 supplies 
data DM obtained via the selection to the lookup table 24 9. 

The correction term computation circuit 24 7 computes the value of a 
correction term in the log-sum correction. At this time, the correction 
term. . . 
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...SPECIFICATION 70 and extrinsic information supplied as a priori 

probability information from outside or interleaved data EXT (extrinsic 
information or interleaved data TEXT) to make an MAP decoding based 
on the Log-BCJR algorithm. 

At this time, the soft-output decoding circuit 90 makes a decoding 
operation with a received value type information. . .M when the value of 
the data CA exceeds the predetermined value M. The selector 255 supplies 
data DM obtained via the selection to the lookup table 24 9. 

The correction term computation circuit 247 computes the value of a 
correction term in the log-sum correction. At this time, the correction 
term. . . 
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. . .CLAIMS generated control signal, so that the received signal has a 

reverse property of the generated control signal before the received 
signal is supplied to the decoding section of the turbo decoder 

3. The error correction apparatus according to claim 1, characterized in 
that the turbo decoder including a calculating section configured 
to calculate a path metric of the received signal, and an outputting 
section configured to output a decoding result of the received signal 
based on the calculated path metric, and a plurality of lookup 
tables (509) related to a weighting process executed when 
calculating the path metric, the lookup tables (509) being switched 
in accordance with the generated control signal... 

...a signal-to-interference ratio (SIR) of the received signal on the basis 
of the calculated reception power and by the generated control 
signal, the turbo decoder (707) outputting a decoding result of 
the received signal, on the basis of the estimated SIR. 
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.SPECIFICATION by table 1, for multiplexed packets having a carrier to 
noise ratio of more than 3 dB to achieve a predetermined bit error rate, 
a turbo decoder should be set for one decode iteration. For multiplex 
packets having a carrier to noise ratio of between 2.8 and 3dB two turbo 

decode iterations are required, and for packet signals having a 
carrier to noise ratio of between 2.5 and 2 . 8dB four turbo decode 
iterations are required. For signals having a carrier to noise ratio of 
less than 2.5dB, decoding of 5 turbo code decode iterations are 
required. The analyzer means may store a plurality of look up tables 
containing data as described above, each of the plurality of look up 
tables relating to a different value of required bit error rate. The 
header data includes data identifying an optimum number of iterations of 
turbo code, generated from the look-up table. Output of demodulator 300 
comprises a plurality of packets 302, each having an appended header 
metrics data 303 describing an optimum number of turbo code iterations 
for decoding that particular packet. Each packet output from the 
demodulator has a different level of associated noise and corruption, and 
is identified by the metrics header data with an instruction for decoding 
the packet data. 

A key characteristic of a turbo decode process, is that the process 
is iterative. Turbo decoders operate using a plurality of "constituent 
codes". For example, where two constituent codes are used, the... 
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...SPECIFICATION the stopping criterion being satisfied. Here, the Turbo 
decoder is given a second chance by perturbing the inputs or changing the 
startup conditions. Preferably, the Turbo decoding process is started 
again using the second set of parity first. Even though the amount of 
processing is significantly increased for those cases where a second 
Turbo decoding is performed, with the early stopping technique the 
average amount of processing is only increased slightly at most operating 
points of interest. 

A number of hybrid log-APP/max-log-APP embodiments for performing 
Turbo decoding are also possible. As indicated in the background 
section, the log-APP decoding algorithm can be implemented using the same 
max operations as the max-log-APP decoding algorithm, but with an 
additional correction term that can be looked up in a table . Even 
through the table lookup approach sounds simple, the required processing 
is typically about 3 times that of the max-log-APP approaches described 
above . . . 

...improvement in performance is typically only 0.1 to 0.2 dB, it is still 
worthwhile for some applications. 

An effective hybrid embodiment for performing Turbo decoding , that 
does not require changing the core algorithms themselves, is to use a 
log-APP decoding algorithm for the first few decoding operations followed 
by... 
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...SPECIFICATION in a manner described below into a series of input latches 
(one for each input data signal) collectively referred to as LDIN, which 
constitute the secondary storage elements described above. 

In the illustrated example of this embodiment, it is assumed that the Q 
outputs of all latches follow their D inputs... is fifteen bits wide, 
allowing for parallel transmission of fifteen bits at a time. The value 
decoder 228 decodes the value image using a first look - up table 
(not shown) . A second output from the value decode shift register 230 
is passed to the value decoder 228 which passes a flag to an 
index-to-tokens converter. . . 

. . .be appreciated that bits of other lengths may also be used. The 

index-to-tokens converter 234 converts the information to token images 
using a second look - up table (not shown) similar to that given in 
Table 12-3 of the Users Manual. The token images generated by the 
index-to-tokens converter 234 ... CODING (underscore ) STANDARD token as it 
flows by the quantizer. When DATA tokens pass thereafter, the inverse 
quantizer remembers what the standard is and it looks up the 
parameters that it needs to apply to the processing elements in order to 
perform a proper operation. For example, the inverse quantizer will look 
...an interval determined by the register, refresh (underscore) interval . 

The value in refresh (underscore) interval specifies the interval between 
refresh cycles in periods of 16 decoder (underscore ) clock cycles. Values 
in the range 1.255 can be configured. The value 0 is automatically loaded 
after reset and forces the DRAM interface... 
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Detailed Description 

... 30,000,000ns). The time taken for 3 color components is 3 times this 
amount, or 0.09s. 

Color Transform 

Color transformation is achieved in two main ways. 

Lookup table replacement 
Color space conversion 
Lookup Table Rgplacement 

As illustrated in Fig. 86, one of the simplest ways to transform the 
color of a pixel is...s color. 

In both cases, the average texture is provided by software, calculated by 
performing a bi4evel interpolation on a scaled version of the texture 
map . Software determines the next tile's average texture height while 
the current tile is being applied. Software must also provide the minimum 
thickness for addition... 
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Detailed Description 

... to a Viterbi decoder, except that there is only one variable (the 
scaling factors S) since the Viterbi decoder is independent of w. 

[00931 - The Turbo decoder described herein may be implemented in 
hardware, software, firmware, or a combination thereof. For a hardware 
design, the Turbo decoder may be implemented within a digital signal 
processor (DSP) , an application specific integrated circuit (ASIC) , a 
processor, a microprocessor, a controller, a microcontroller, a field 
programmable gate array (FPGA), a programmable logic device, other 
electronic unit, or any combination thereof. And for a software or 
firmware design, the Turbo decoder may be implemented with codes 
executed by a processor (e.g., controller 840 in FIG. 8). The storage 
unit and lookup tables may also be implemented with various memory 
technologies such as, for example, random access memory (RAM), dynamic 
RAM (DRAM), Flash memory, and others. Various structures and 
implementations of the Turbo decoder and storage unit are possible 
and within the scope of the present invention. 

[00941 The foregoing description of the preferred embodiments is provided 
to enable . . . 

Claim 

wherein the particular number of 
iterations is less than that required to completely decode the code 
segment . 

4 The method of claim 1, wherein the decoding is performed 
based on a maximum a posteriori ( MAP ) decoding scheme. 

5 The method of claim 4, wherein the MAP decoding scheme 

utilizes a function for decoding the code segment, and wherein the set of 
one or more parameters includes at least one parameter for the... 

...5, wherein the function is a min* 
function. 

7 The method of claim 5, wherein the function is implemented in 

part with a set of lookup tables corresponding to different values 

for the function parameter. 

S. The method of claim 1, wherein the set of one or more 
parameters includes a parameter for a sequence. . .decoding the code 
segment, and wherein the constituent decoder and performance metric 
calculator operate on the code segment for each of the hypotheses. 

19 The Turbo decoder of claim 18, wherein the constituent 
decoder is a maximum a posteriori ( MAP ) decoder . 

20 The Turbo decoder of claim 19, further comprising: 

a plurality of lookup tables configured to implement a function 
for the NIAP decoder, wherein each ...to a particular 
scale value for the function, and 

wherein the plurality of hypotheses correspond to a plurality of scale 
values to be used for decoding the code segment. 

21 The Turbo decoder of claim 20, wherein the plurality of lookup 
tables are configured to implement a min* function for the MAP decoder 



22 The Turbo decoder of claim 18, wherein the bits to be decoded 
are derived by scaling received bits with a sequence of scaling factors, 
and wherein the plurality. . . 
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Claim 

... the processor's 

20 decoding the data packets using the look-up table. 

12 The apparatus of claim 10 wherein the processor is 
configured to decode the packet by turbo decoding . 
. 1 

25 13. An apparatus comprising: 
14 

memory storing a first look-up table with information 
approximating output of an algorithmic decoding process; and 
a the memory stores a 

second look - up table with information approximating output 
of an algorithmic decoding process and wherein the 
processor is configured to: 

(e) interleave the decompressed first result; 

(f) compress the... 
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Detailed Description 

... of the processing requirements. 



If a particular data user is to be processed with an 80+ ms, latency 804 
so as to include the full turbo decode within the MUD loop then the 
input channel bit-error rate (BER) pertainl 0 ing to these users might be 
extraordinarily high. Here, the MUD. . . 

.Each box is the same code but configured differently. The parameters 

that differ are. 

N- FRAMES-RAKE-OUTPUT; 

Decoding to be performed (e.g. repetition decoding , turbo decoding , 

and the like) ; 

Classes of users to be cancelled; 
Threshold parameters. 

The pseudo code for the software implementation of one long-code multiple 
user detection. . . 



.physical users 

Read 

in 

rake 
outpu@ 

records (N frames) 

Ref onnat-rake-output-data (N frames at a time) 
for stage = 1 : N-stages 

Perform appropriate decoding (SRD, turbo , and the like, depending on 
TTI) 

Per fon-n- long 
code-mud 
1 5 end 
Free memory 

The following four functions are described below. 

Read-in-rake-OutpuLrecords ; 
Ref ormat-rake-outpuLdata 

Perform appropriate decoding (SRD, turbo , and the like, "depending on 

TTI) ; 

Perf 6nn 

long 

@code 

mud. 



The Read-in-rake-output-records function performs. 



Reading in data for each user; and. . . BITS-PER-FRAME-1 150*4.25 640. 



Each user class has a specified decoding to be performed. The decoding 
can be. 

None 

Soft Repetition Decoding (SRD) 

Turbo decoding 
Convolutional decoding . 

All decoding is Soft-Input Soft-Output (SISO) decoding. For example, an 
SF 64 voice user produces 600 soft bits per frame. Thus 1,200 soft bits 
...and the operation can be performed in-place. If further decoders are 
included, reduced complexity partial-decode variants can be employed to 
reduce complexity. For turbo decoding , for example, the number of 
iterations may be limited to a small number. 

42 

The Long-code MUD performs the following operations. 
Respread 

Raised-Cosine ... a double-buffered lookup table. Values of d and jd are 
pre-multiplied with beeta by an external processor and stored in a 
quad-buffered lookup table . The alpha calculation state generated the 
following values for each finger, where subscripts indicate antenna 
identifier . 

0 =p0. (C. AO 

jC.j AO) 
0C a. . . 
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... stored to the proper location (for a write). 



[0011] As can be seen, efficient generation of addresses for memory 
accesses is highly desirable for efficient Turbo decoding , especially 
in light of a complicated interleaving scheme defined by the W-CDMA 
standard. 

SUMMARY 

[00121 Aspects of the invention provide techniques to efficiently 
generate. . . 

.addresses needed to perform interleaving for the Turbo code defined by 
the W-CDMA standard. In an aspect, to expedite address generation, a 
number of lookup tables ( LUTs ) are provided to store various 
sequences of values used to generate interleaved addresses. The use of 
these tables expedites address computations and allows the required 
addresses to be generated in... 

.to efficiently generate interleaved addresses based on the tables. The 
interleaved address generation techniques may be used for Turbo 
encoding and is especially advantageous for Turbo decoding , which is 
computationally intensive. Expedient address generation is essential for 
efficient Turbo decoding , especially if a high data rate is supported 
and in light of the iterative nature of Turbo decoding . 

[00131 A specific embodiment of the invention provides an interleaver for 
a concatenated convolutional (Turbo) code. The interleaver includes a 
storage unit, first and second. .. addresses needed to perform interleaving 
for the Turbo code defined by the W-CDMA standard. In an aspect, to 
expedite address generation, a number of lookup tables ( LUTs ) are 
provided to store various sequences of values used to generate 
interleaved addresses. The use of these tables expedites the address 
computations and allows the required addresses to be generated in less 
time. The address generation may thus not be the bottleneck for the 
Turbo decoding . Some of these tables and the sequences stored therein 
are described below. 

[00811 In another aspect, techniques are provided herein to efficiently 
generate addresses based on the tables. The interleaved address 
generation techniques may be used for Turbo encoding and is especially 
advantageous for Turbo decoding , which is computationally intensive. 
Expedient address generation is essential for efficient Turbo decoding 
, especially if a high data rate is supported and in light of the 
iterative nature of Turbo decoding. 

[00821 A PRD4E table stores all prime... 
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Claim 

the first adder and configured to produce the quotient value, a second 
adder coupled to the absolute value circuit, a first multiplier coupled 
to the second adder and to the LUT , a subtractor coupled to the 
absolute value circuit, and a second multiplier coupled to the subtractor 
and to the first multiplier. 

39 The device of . . . 

...to a memory element and configured to execute a set of instructions 
stored in the memory element. 

40 A method of estimating log-likelihood (LLR) decoder metrics 

from a soft decision having an in-phase component and a quadrature 
component, the soft decision having been demodulated in accordance with 
eight@ary phase shift keyed (8PSK) signal... 
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and location on the screen, 
allowing the creation of solid color windows with any size and 
23 

location. Thus, in the preferred embodiment, no pixel map is 
required, memory bandwidth requirements are reduced and a window 
of any size may be displayed. 

Another type of graphics window that the window descriptors ... memory to 

on-chip memory before the graphics window is 

displayed. 

The system preferably includes a display engine that 
processes graphics images formatted in a plurality of formats 
including a color look up table (CLUT) format. The system 
provides a data 



10/3, K/19 (Item 8 from file: 349) 

DIALOG (R) File 34 9: PCT FULLTEXT 

(c) 2003 WIPO/Univentio. All rts. reserv. 

00543950 **Image available** 

FORWARD ERROR CORRECTING SYSTEM WITH ENCODERS CONFIGURED IN PARALLEL AND /OR 
SERIES 

SYSTEME DE CORRECTION AVAL DES ERREURS COMPRENANT DES CODEURS CONFIGURES EN 
PARALLELE ET/OU EN SERIE 

Patent Applicant /Assignee : 

VOCAL TECHNOLOGIES LTD, 

TORRES Juan Alberto, 

DEM JANE NKO Victor, 

HIRZEL Frederic, 
Inventor ( s ) : 

TORRES Juan Alberto, 

DEM JAN EN KO Victor, 

HIRZEL Frederic, 
Patent and Priority Information (Country, Number, Date) : 

Patent: WO 200007323 Al 20000210 (WO 0007323) 

Application: WO 99US17369 19990730 (PCT/WO US9917369) 

Priority Application: US 9894629 19980730; US 9898394 19980830; US 
99133390 19990510 

Designated States: JP US AT BE CH CY DE DK ES FI FR GB GR IE IT LU MC NL PT 
SE 

Publication Language: English 
Fulltext Word Count: 65130 

Fulltext Availability: 
Detailed Description 

Detailed Description 

The concept of Parallel Multiple Concatenated Convolutional Code 
(PMCCC) utilizes a soft-output decoding and an iterative decoding. We 



present two versions of a simplified maximum a posteriori ( MAP ) 
decoding algorithm. The algorithms work in a sliding window form (like 
the Viterbi algorithm) and can thus be used to decode continuously 
transmitted sequences obtained by PMCCC, without requiring code trellis 
termination. A heuristic explanation is also given of how to embed the 
maximum a posteriori algorithms into the iterative decoding of 
PMCCC. The performances of the two algorithms are compared on the basis 
of a powerful rate 1/3 PMCCC. Basic circuits to implement the simplified 
a posteriori decoding algorithm using lookup tables , and two 
further approximations (linear and threshold), with a very small penalty, 
to eliminate the need for lookup tables are proposed. 

The broad framework of this analysis... 
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... no& is 9001, coding. M04 .eaension is 900"), specifies commands such as 
map tables and end-o'f-line indicators which work on the run-length 
decoded data. The concept of map tables is disclosed in more details 
below . 

It is envisaged Chat existing On-Screen-Display chips are used for 
displaying the graphic images. Some of... 

...pixel or 8 bits per pixel. A potential problem arises if the pixels 
within a region are encoded using a number of bits per pixel different 
from the colour- look - up - table f s input width. In order to solve this 
problem, the concept of map tables has been introduced. Map tables also 
increase the coding efficiency. They. . . 
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Claim 

... the basis of said determined distances. 

27 A receiver as defined in Claim 26, wherein said first and second 
signal processing circuitry include a 

Viterbi decoder which utilizes soft - decision Viterbi decoding 
methods . 

28 A receiver as defined in Claim 26, further comprising a constellation 
signal mapper which maps said received signals to points on said 
phaselamplitude . . . 

...signal, said trellis decoder comprising: a first look-up table for 
reconstructing signal constellation points divided into two symmetrical 
sets of symbol points; and 

a second look - up table for cyclic trellis decoding data mapped 
according to said signal 
constellation . 
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The design of any communication receiver needs to addresses the issues 
of operating under the lowest possible signal-to-noise ratio. Among various 
algorithms that facilitate this objective are those used for iterative 
decoding of two-dimensional systematic convolutional codes in applications 
such as spread spectrum communications and Code Division Multiple Access 
(CDMA) detection. A main theme of any decoding schemes is to approach the 
Shannon limit in signal-to-noise ratio. All these decoding algorithms have 
various complexity levels and processing delay issues. Hence, the 
optimality depends on how they are used in the system. The technique used 
in various decoding algorithms is termed as iterative decoding. Iterative 
decoding was first developed as a practical means for decoding turbo 
codes. With the Log-Likelihood algebra, it is shown that a decoder can be 
developed that accepts soft inputs as <italic>a priori</italic> information 
and delivers soft outputs consisting of channel information, <italic>a 
posteriori </italic> information and extrinsic information to subsequent 
stages of iteration. 

Different algorithms such as Soft Output Viterbi Algorithm (SOVA) , 
Maximum A Posteriori (MAP) , and Log-MAP are compared and their complexities 
are analyzed in this thesis. A turbo decoder is implemented on the 
Digital Signal Processing (DSP) chip, TMS320C30 by Texas Instruments using 
a Modif ied-Log-MAP algorithm. For the Modif ied-Log-MAP-Algorithm, the 
optimal choice of the lookup table ( LUT ) is analyzed by experimenting 
with different LUT approximations. A low complexity decoder is proposed 
for a (7,5) code and implemented in the DSP chip. Performance of the 
decoder is verified under the Additive Wide Gaussian Noise (AWGN) 
environment. Hardware issues such as memory requirements and processing 
time are addressed for the chosen decoding scheme. Test results of the bit 
error rate (BER) performance are presented for a fixed number of frames and 
iterations . 
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In this article, we present two versions of a simplified maximum a 
posteriori decoding algorithm. The algorithms work in a sliding window 



fbrm, like the Viterbi algorithm, and can thus be used to decode 
continuously transmitted sequences obtained by parallel concatenated codes, 
without requiring code trellis termination. A heuristic explanation is also 
given of how to embed the maximum a posteriori algorithms into the 
iterative decoding of parallel concatenated codes ( turbo codes) . The 
performances of the two algorithms are compared on the basis of a powerful 
rate 1/3 parallel concatenated code. Basic circuits to implement the 
simplified a posteriori decoding algorithm using lookup tables , and 
two further approximations (linear and threshold) , with a very small 
penalty, to eliminate the need for lookup tables are proposed. 
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List metric decoding is applied to anti-jam and multiple access 
communication systems that employ frequency-hopped, M-ary Frequency Shift 
Keyed (MFSK) modulation. The performance of these systems over Guassian 
noise and Rayleigh fading channels is analyzed by deriving expressions for 
the cutoff rate parameter RO, and evaluating numerical examples. RO 
represents the largest reliable data rate per coded symbol that could be 
achieved, with a particular system and channel, by using practical coding 
methods. Because it is code-independent, RO is used as the basis for 
comparing list decoding against hard and soft decisions , without the 
encumbrance of analyzing specific error correcting codes. RO is then used 
later, along with a code-dependent function, to upper bound the bit error 
probability provided by a particular code. In a list decoding receiver, 
decisions are based on the relative magnitudes of the demodulator's energy 
detector outputs. 
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♦ Theory and applications. With a preface by G. Cullmann. Translated from 
the 1989 French original by Iain Craig. 

Poli, Alain (UER Mathematiques, Inf ormatique, Gestion (MIG) , Universite 

de Toulouse III (Paul Sabatier) , 31062 Toulouse, France) 
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Abstract Length: LONG (57 lines) 

The preface states that the purpose of this book is to collect in one 
volume some of the questions discussed at the AAECC conferences held during 
the 1980s in Europe (with one conference in Japan) . This book has a half 
dozen or so authors who wrote various chapters or portions of chapters. 
Poli and Huguet wrote the most. This arrangement is noticeable and leads to 
a lack of coherence among the chapters. 

A listing of the chapters and some of their contents follows: 1. 
Information theory; 2. Elements of algebra: includes vector spaces, some 
polynomial rings, group characters, Hadamard matrices and Krawtchouk 
polynomials; 3. Finite fields: includes the usual properties and some 
computational topics; 4. Classical error-correcting codes: many of the 
standard properties of binary codes, MacWilliams equations, cyclic codes, 
BCH codes, R-S and other classic codes; 5. Further algebra: includes 
multivariable codes, modular codes and Grobner bases; 6. Other 
error-correcting codes: includes more on multivariable codes, product 
codes, codes over rings, algebraic geometry codes; 7. Codes and 
combinatorics: includes standard bounds, $t$-designs and codes, association 
schemes; 8. Application of codes: includes maximum likelihood decoding , 
soft - decision decoding and some implementations; 9. Tables and 
curves: includes various tables related to computing in finite fields 
and performance curves. 

This is not an easy book to read for many reasons. The first three 
chapters are included because they provide material useful for 
understanding codes and their uses. While this is true, until one reaches 
page 156 (Chapter 4), block codes are not even defined. Without motivation 
these chapters can be rather dry reading. Chapter 4 treats only binary 
codes, saying the generalization to other finite fields is easy. This is 
really not so in many situations. A book which covers so many areas in 
coding should give the basic results over an arbitrary finite field. There 
are examples through much of the volume but not enough for someone to learn 
all the material covered in this book. The volume is translated from the 
French and the reader is aware of this in many instances. An example of 
this is the heading for Section 3.1: Every finite field is commutative. The 
usual definition of a field is a commutative skew field. Perhaps skew field 
is translated as field. There are other unfamiliar terms: control matrix 
for parity-check matrix. In a book like this with so many topics and so 
many authors, a comprehensive index would be a great help. In fact, the 
index is quite minimal. I could not find most of the terms I looked up. 
Much searching failed to find any definition of auto-dual codes. More 
surprising is the absence of covering radius in the index or any definition 
or discussion of this important topic anywhere that I could see, although a 
few results are mentioned in Chapter 7. Also strange was the absence of a 
findable definition of convolutional codes even though their performances 
compared to block codes are mentioned in Chapter 8. 

As these remarks indicate, I think this book will be most useful to 
someone already working in coding who would like to find out more about 
some of the topics, many quite current, mentioned in the chapter list. Most 
of the newer areas are in the last half of the book. It is also possible 
that mathematicians interested in applications can find them here. 
Reviewer: Pless, Vera (1-ILCC) 
Review Type: Signed review 

Descriptors: *94Bxx -Information and communication, circuits-Theory of 
error-correcting codes ; 94-02 -Information and communication, circuits- 
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software-defined radio performs many sophisticated 
signal-processing tasks, including advanced compression algorithms, power 
control, channel estimation, equalization, forward error control (Viterbi, 
Reed-Solomon and turbo coding/ decoding ) and protocol management. 

Digital filters are employed in a number of ways in DSP-based 
transmitters and receivers. Polyphase interpolators are used in the 
transmitter. . . 

...streams. As a specific example, consider the Xilinx Virtex series of 
FPGAs. The logic elements, called slices, essentially consist of a pair of 
four-input lookup tables ( LUTs ) , several multiplexers and some 
additional silicon support that allows the efficient implementation of 
carry-chains for building high-speed adders, subtracters and shift 
registers. Two slices form a configurable-logic... 
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... mem], CX translates into three RISC86 instructions: 

LOAD R2, [Rl] 
ADD R2, R3 
STORE [Rl], R2 

where the physical register numbers are assigned by the decoder to 
map the x86 registers appropriately. 

Iterative x86 string instructions translate into an indefinitely long 
sequence of internal instructions. The decoder issues RISC86 instructions 
as fast as... same time and in much the same way as the other three function 
units. The FPU can execute double-precision adds and multiplies in just 
two cycles, one fewer than Pentium; Table 1 shows the latencies for 
various math operations. NexGen did not implement Pentium's parallel FXCH 
feature and thus chose not to pipeline the FPU ... to predict branches. 
According to the patent, each BPC entry contains two prediction bits. If a 
branch misses the BPC, an additional 2,048-entry, two -bit-wide branch 
history table is checked, increasing the predication accuracy compared 
with Pentium's 256-entry branch target buffer. 

Although these two structures will correctly predict most conditional 
branches . . . 
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. . . that a given bit is a logical 0 is related to this number. These 

metrics are usually represented by 3- or 4-bit integers called soft 
decision metrics. The decoder output is an estimate of the k information 
bits. Typically, decoding with soft decision metrics is 
computationally intensive. Very often, it's performed on a decoder ASIC 
that's specifically designed for the task. 

A code's performance is... as per encoder 2 and the second decoding 
is as per encoder 1. Between the two decodings, the scrambling operation is 
reversed. 

What makes a Turbo Code unique is that the decoding process can 
be performed again. The second constituent decoder addresses errors left 
from the first. The second pass of the first decoder then addresses errors 



...the other decoder. In order to maximize performance, this decoding 
process is typically iterated several times. 

For this iterative process to work optimally, each constituent 
decoder must take soft decision metrics as its input in addition to 
generating soft outputs. Every decoder has to generate an output of n soft 
decision metrics corresponding to the. . . 

...a high-performance engine. The turbocharger uses engine exhaust (output) 
to power an air intake blower, thus enhancing the input. This is where the 
term " turbo "in Turbo Code comes from. Turbo codes are iteratively 
decoded codes . 

Turbo Code technology can best be illustrated with an example that 
uses block codes as the constituent codes. Consider the (8,4) extended 
Hamming code of... study, because this floor limits the use of TCCs in many 
systems . 

TCCs and TPCs have slightly different properties which makes them 
well-suited for different applications. The table in this article can 
serve as a guide. 

The performance Turbo Codes can achieve guarantees that they are 
here to stay. As more communication system. . . 
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software-defined radio performs many sophisticated signal- 
processing tasks, including advanced compression algorithms, power 
control, channel estimation, equalization, forward error control ( Viterbi, 
Reed-Solomon and turbo coding/ decoding ) and protocol management. 



Digital filters are employed in a number of ways in DSP-based 
transmitters and receivers. Polyphase interpolators are used in the 
transmitter. . . 

...streams. As a specific example, consider the Xilinx Virtex series of 
FPGAs . The logic elements, called slices, essentially consist of a pair of 
four- input lookup tables ( LUTs ) , several multiplexers and some 
additional silicon support that allows the efficient implementation of 
carry- chains for building high-speed adders, subtracters and shift 
registers. Two slices form a configurable-logic. . . 



